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Injection control test configuration used for verification of dynamic response: 
instantaneous flow rate upstream of injector and spray downstream of injector. 
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Integrated ROSA measurement configuration to visualize diesel spray by means of high- 
speed digital camera and quantify injection by means of instantaneous flow rate. 
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Pilot shot in six-shot injection: engine speed 2,400 RPM, 
frame duration 55.56 jus, coin size 24.76 mm. 



Jet Tip Length: engine speed 1,200 RPM, camera speed 18,000 fps 



Jet Tip Velocity: engine speed 1,200 RPM, camera speed 18.000 fpj 
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Liquid jet length and tip velocity for six-shot injection 100 ms cycle: 
at engine speed of 1,200 RPM and camera speed of 18,000 fps 
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Cycle-to-cycle variability at resolution 24.69 (is/frame for 6-shot injection, only 4 shots 
are shown: engine speed 3,600 RMP, dwell between Pre-Main and Main 1 setup to 200 \\s. 
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Comparison of dynamic injection timing (on the right) vs. waveform setups of 
timing (on the left): [pts] - points in ARB waveform generator, [ms] absolute time, 
[deg] - cam phasing, [frame] number of frames, 1 frame = 24.69 |is 
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Pilot, Pre-Main, MainL Main2, After-M, Post shots , duration and its standard deviation 
in absolute time (2 top plots) and in camshaft angle (2 bottom plots). 
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Pilot, Pre-Main, Mainl, Main2, After-M, Post shots' startup phase and its standard 
deviation in absolute time (2 top plots) and in camshaft angle (2 bottom plots). 
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Dwell intervals between Pre-Main and Mainl (dwell 1), Mainl and Main2 (dwell 2) and 
their standard deviation in absolute time (2 top plots) and in camshaft angle (2 bottom plots). 
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Velocity profiles for fully developed 
laminar and turbulent pipe flows. 
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LDA Ml-1 cell for injection 
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ROSA electronic circuit. 



Simultaneously Charged Secondary Coil: f* 40 Hz 
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Simultaneous- and pre- charge; bold - injection duration (T2), thin - output from injector. 



Velocity Correlation - Laminar Range 



Flow Rate Correlation - Laminar Range 
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LDA calibration using mass balance measurements. 



Calibration Mass Series: single shot, 10 Hz, 1600 bar 
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ROSA-CRIS diesel injection: mass balance trace including 
"pre-history", "measured" and "post-history" injection parts. 



Comparison LDA vs. Mass Balance 
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ROSA-CR1S diesel injection: 
fuel mass injected per cycle. 




Test configuration for 
verification of injection dynamics. 



Comparison of different charging scenarios: 
p= 7.3 Btm, f= 50 Hz, SC charging 2.0 ms 




Companion of different SC charging acanailoua: 
p- 7.3 stm, t> 50 Ha, SC charging 2.0 ma. tau* 345 ma 
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Comparison of different SC charging scenarios at the same injection condition: 
instantaneous volumetric flow rate and integrated injection mass. 



Pr»-Char B «d $C: charging 0.0, 1.0 and 3.0 m 
f* 50 Ha, tau* 3 m», p* 7.3 atm 
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Pr»-Charg«d SC: charging 0.0. 1 .0 and 3.0 ma 
f 9 50 Hz, tau 3.0 ms, p* 7.3 stm 
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Shift act Charga: chary* 0 and 2 ma; 
f- 50 Hz, tau = 0 and 2 ma: prvtaura 7.3 atm 
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Flow rate (top row) and integrated mass (bottom row) obtained for: 
simultaneous charge - 1 st column, pre-charge - 2 nd column, tuned charge - 3 rd column 



— Centerline velocity time series under 
servo-jet (bkm) and gasoline injection 



Volumetric flow rate time series under 
Diesel and gasoline injection pressures 
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Velocity and flow rate: injection pressures - 62 (servo-jet) and 7 bar (gasoline). 
Presure Gradient [MPa/m] 

Accumulated Mass per Injection Cycle 
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Pressure gradient and accumulated mass: p= 62 bar, f= 1 1 Hz, duration 1 5 ms. 

Centerline Velocity: Rail Pressure 800 psl, Cycling 822 RPM 
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Velocity Profile it Different Ptmei: 
Opening the V»Ue 



Velocity Profile at Different Phsuci: 
Colling the V«l»r 
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Velocity time series with selected angular phases (top) and velocity profiles for 
two stages: opening (bottom left) and closing (bottom right) of injector valve. 
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Furl Mass Jojccud per Cycle: 
Engine Speed UOO RPM, Pressure 1,600 bar (23,000 psD 



Injected Mass vs. Scaled Timing Factor 
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F»el Mais Injected per Cycle: 
ERginc Speed 2,4 W RPM, Pressure 1,700 bar (25.00U psi) 
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Fuel Mass Injected per Cycle: 
Engine Speed 3,600 RPM. Press twr J, 700 bar (25,000 psf) 
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Fuel masses for 6-shot injection and 
Bosch 1 ms single shot injection. 

Injected Mass per Each Shot 
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Separation of low and high frequency 
domains by scaling timing factor X 1 1 

Injection Frequency 1.S Hz, Duration 10 ms, Pressure 1600 bar 
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injection Frequency 3.2 Hz, Duration 10 ms, Pressure 1400 bar 
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Injection Frequency 1 10 Hz, Duration 3 ms, Pressure 1800 bar 




Examples of LDA time arrival series, 
data rates: top - 2.964 , mid - 2.641 , 
bottom -0.051 kHz. 



Summary to dynamic of 6-shot injection 
and integrated fuel mass. 





2-ms single reference injection: SOI at 180°, p= 1400 bar. 

Single Ross Shot-. 600 im, CA 180 deg, P" 1600 bar 



Sinplt Knu Shot: 600 mi, CA i HO deg. P" 1 600 bar 
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Staple Rn» Shot: 600 ml. CA ISO dey. P- 1600 bar 
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Camshaft Ancle |d*gj 
Single Rosa Shot: 600 mi, CA 180 deg, P- 1600 bar 
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ROSA-controlled single shot injection: SOI at 180", p= 1600 bar. 



ROSA 6 shots: Main CA 180 deg. 600 ps, P- I6U0 bar 



ROSA 6 sbott; Main CA ISO dt*. 600 \iy P= 1600 bar 
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ROSA 6 shots: Main CA 180 dr*. oOOys, P- 1 600 bar 
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ROSA 6 shots: M»in CA 180 d*c 600 P- 1600 bar 
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ROSA-controlled six shots injection: Main! SOI at 180°, p= 1600 bar. 




Comparison of dynamics for 2-ms reference single injection, p= 1400 bar and 
ROSA-controlled six shots injection, p= 1600 bar. 
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Integrated Masses per Active 
and Passive (deliver) Injection Events. 



